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Piezoelectric drive unit and method for generating a preferably rotating 
drive movement for such a drive unit 

Background of the invention 

The invention relates to a piezoelectric drive unit and method for generating a 
preferably rotating drive movement for such a drive unit. The drive unit comprises 
a stator. a rotor and drive elements preferably in the form of several piezoelectric 
actuators. 

Prior art 



Piezoelectric actuators or elements change their length under the influence of a 
changing electric voltage. This makes it possible and it is also known to achieve 
a forced movement in a kinematic system such that the translation or rotation of 
a member can be used up to the point of culminating in a continuous movement. 
Reference is also made in this context to a traveling wave drive, as described, for 
example, in W. Schinkothe, M. Hermann: "Aktorik in der Feinwerktechnik", Part 2, 
IKFF, University of Stuttgart, 4/1997. The traveling wave drive is a special type of 
ultrasonic drive. It exploits the elliptic surface movement of a continuous 
resonant bending wave. This kind of vibrational state can be generated under 
certain excitation conditions by the superposition of resonant modes in 
geometrically closed resonators. Simple geometric bodies such as disks, rings or 
hollow cylinders are usually used for this purpose. The following comments 
briefly explain the formation of traveling waves without going into any details on 
the problem of the modes that are tied to the geometry. First of all, we will look at 
the equation of a standing wave. 



yi = a sin(k x) sin(w t) 
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By adding a second standing wave of the same amplitude that differs by a phase 
shift in time cpo and a phase shift in space k xo, the resulting vibration produces 
the following equation: 

y = yi + y2 = a sin(k x) sin(u> t) + a sin(k x+k xo) sin(a) t+cpo) 

Trigonometric conversions transform the original equation into the following form: 

2y = yi + y2 = a cos(k x- to t) - a cos(k x+ u) t) 

+ a cos(k X- u) t+ k xo-cpo) - a cos(k x+ u) t+k Xo+(po) 

For a phase shift in space of xo = A/4 and a phase shift in time of cpo = T/4, the 
number of traveling waves is reduced to the following equation of a single 
traveling wave: 

y = a cos(k X- u) t) 

For a phase shift in time of q>o = -T/4. the rotational direction of the traveling wave 
is reversed. For deviating values of the phase shifts in time and in space, a 
superposition of circulating and standing waves remains. 

Two standing bending waves are the prerequisite for the creation of a traveling 
wave. Figure 7a, (top drawing) shows a base material 29 on which two 
piezoelectric elements 30, 31 are disposed. A standing bending wave can be 
obtained by the different alignment (polarization) of the individual elements 30, 
31 and appropriate activation. If the same voltage U is applied to the two 
elements 30, 31, the elements lengthen or shorten respectively depending on 
their polarization as shown in fig. 7b, resulting in a wave-like deformation of the 
base material 29. Each element 30, 31 generates a half-wavelength of the 
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sinusoidal standing wave produced. By reversing the polarity of the applied 
voltage, an opposing bending wave is generated. 

According to the prior art. actuators as piezoelectric bending converters or 
5 translators are themselves set in longitudinal or bending vibrations, either 

individually, in groups or in combination with path changing systems, to produce 
a continuous translatory or rotary movement of a drive member in order to move 
a selected point on a closed path that is suitable for transmitting this movement 
by means of friction pairing with an output member. This principle is employed in 

10 ultrasonic motors. Other embodiments act by clamping and releasing a transport, 
in other words, also by using a friction fit. Using an annular arrangement of 
actuators and their periodic activation, a traveling wave can be generated that, 
when transmitted to a rotor, sets it in rotation about its rotational axis. Such a 
rotating embodiment of a piezoelectric motor is revealed, for example, in EP 449 

15 048 B1. 

One disadvantage of the known solutions is that the transmission of movement is 
achieved by using a friction fit. Here, the transmission of power and momenta is 
determined by the minimum preload required at the pairing point and the 

20 coefficient of friction. Moreover, undesirable wearing occurs at the friction pairing 
point. To ensure correct functioning, piezo motors having a friction fit at the 
movement transmission point are operated at high frequency. This makes it 
almost impossible to adjust the speed using the frequency. Finally, the 
transmittable momenta of these motors, particularly in the case of vibrating 

25 benders, are very low. 

Summary of the invention 

' ' . — 

It is thus the object of the invention to create a piezoelectric drive unit for 



1 



wo 2005/074051 4 PCT/EP2005/000737 

generating a preferably rotating drive movement in which the transmission of 
movement does not rely on a friction fit with all of its disadvantages. 

This object has been achieved according to the invention by a drive unit 
5 according to the independent patent claim 1. A method for generating a 

preferably rotating drive movement for such a drive unit is cited in independent 
patent claim 10. 

Preferred embodiments and other advantageous characteristics of the invention 
10 are the subject matter of the subordinate claims. 

According to the invention, the drive unit comprises an annular gap filled with a 
fluid medium that is formed between the facing surfaces of the stator and the 
rotor, several piezoelectric actuators arranged adjacent to the gap which, on 

16 electrical activation according to a predetermined scheme or a predetermined 
function, undergo an essentially radial change in length in the direction of the 
gap, such that the mechanical energy provided by the actuators is transmitted to 
the fluid medium as flow energy, wherein the flow energy of the fluid medium is 
transmitted to the rotor and transformed into a rotating drive movement of the 

20 rotor. 

The advantage of the invention is that the transmission of movement to the rotor 
is effected almost completely free of wear owing to the hydrodynamic energy 
impressed on the fluid medium by means of the piezoelectric actuators. This kind 
25 of drive concept is particularly advantageous for motors whose rotor is supported 
by means of a hydrodynamic bearing system. 

In a preferred embodiment of the invention, the piezoelectric actuators are 
disposed along the circumference of the gap on a common plane, the plane 
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preferably running approximately perpendicular to the rotational axis. 

At the same time, the piezoelectric actuators are segmented in form and are 
adapted to the annular geometry of the gap. 

5 

To improve the transmission of the hydrodynamic energy of the fluid to the rotor, 
a part of the rotor preferably has rib-shaped projections distributed over its 
circumference, which face the gap and are circulated with the fluid medium. 

10 The rotor can be supported with respect to the stator in a conventional way using 
roller bearing systems. However, it is advantageous if the rotor is supported in 
the stator using a hydrodynamic bearing system. In this way, a part of the 
bearing gap can be simultaneously used as a gap for the drive system. The fluid 
medium used as a lubricant for the hydrodynamic bearing concurrently acts as a 

15 drive medium. 

The drive unit can be advantageously designed as a spindle motor for driving the 
storage disks of a hard disk drive. 

20 According to the method presented in the invention, the transmission of power in 
the depicted piezoelectric drive unit is effected in accordance with the 
hydrodynamic principle, wherein the mechanical energy provided by the 
piezoelectric actuators is transformed into flow energy for a fluid medium, which 
is then transformed back again by the rotor of the drive unit into mechanical 

25 energy. 

The rotational speed of the rotor or the attainable torque is dependent, inter alia, 
on the frequency at which the actuators are driven and the degree of length 
change (depending on the applied voltage). 
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Thus the fundamental principles of fluid dynamics can be used to describe the 
transmission capability of hydrodynamic drives. If we consider the flow of fluid 
circulating in the gap, the power contained therein is calculated from the size of 
the flowing mass flow and from the specific energy (speed) impressed on it. The 
6 relationships for the flow in the annular gap can be developed from the basic 
principles worked out by Bernoulli. 

For the best possible transmission of power, the flow in the gap is preferably 
aligned transversely to the rotational axis of the drive unit. 

10 

An electronic control device is provided which electrically drives the piezoelectric 
actuators according to a predetermined scheme or a predetermined function so 
that a desired flow of the fluid medium is produced in the bearing gap. 
Piezoelectric actuators located opposite each other with respect to the rotational 
15 axis are thereby preferably driven in pairs. 

A preferred embodiment of the invention is described in more detail below on the 
basis of the drawings. 

20 Brief description of the drawings 

Figure 1 shows a longitudinal section through a drive unit according to the 

invention that is designed as a spindle motor; 

25 Figure 2a shows a cross-section of the drive unit in the region of the 

piezoelectric actuators during a first drive phase; 

Figure 2b shows a cross-section of the drive unit in the region of the 

piezoelectric actuators during a second drive phase; 
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Figure 2c shows a cross-section of the drive unit in the region of the 

piezoelectric actuators during a second drive phase; 

Figure 3 shows a schematic diagram of the waveform over time of the control 

voltages applied to the piezoelectric actuators; 

Figure 4 shows a plan of an annular piezoceramic arrangement (taken from 

Schinkothe et al); 

Figure 5 shows a bearing sleeve as part of a hydrodynamic sliding bearing 

for the integration of a piezoelectric drive unit; 

Figure 6 shows further possible embodiments of piezoceramic arrangements; 

Figure 7 shows a piezoceramic arrangement mounted onto a base material at 

a standstill and in an activated state (taken from SchlnkOthe et al). 

Description of a pr eferred embodiment of the invention 

A drive unit according to the Invention designed as a spindle motor is illustrated 
in figure 1, the drive unit can be used, for example, for driving the storage disks 
of a hard disk drive. The drive unit comprises a stator taking the form of a 
stationary bearing sleeve 1 having a cylindrical axial bore in which a shaft 2, 
which can rotate about a rotational axis 11. is accommodated. The bearing 
sleeve 1 itself is pressfitted into a base flange 3. At least one hydrodynamic 
radial bearing region having a bearing gap 4 is provided between the inside 
diameter of the bearing sleeve 1 and the slightly smaller outside diameter of the 
shaft 2. the bearing gap being filled with a lubricant, preferably a fluid medium 
10. This radial bearing region is marked in a well-known manner by a grooved 
pattern (not illustrated) that is provided on the surface of the shaft 2 and/or on 
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the inner surface of the bearing sleeve 1. As soon as the shaft 2 is set in rotation, 
as a result of the grooved pattern, hydrodynamic pressure is built up in the 
bearing gap 4, or in the fluid medium found in the bearing gap, thus giving the 
bearing its load-carrying capacity. 

5 

A hydrodynamic thrust bearing formed at the lower end of the shaft 2 by a thrust 
plate 5 connected to the shaft 2 and a cover plate 6 provides for the axial 
positioning of the shaft 2 with respect to the bearing sleeve 1 of the bearing 
arrangement and takes up the axial loads. This axial bearing region is 
10 hermetically sealed by the cover plate 6 so that no bearing fluid can escape from 
the bearing gap 4, which continues between the thrust plate 5, bearing sleeve 1 
and cover plate 6 as bearing gap 4'. To ensure that sufficient hydrodynamic 
pressure is built up in the axial bearing, the facing surfaces of the thrust plate 5 
and/or the cover plate 6 are also provided with a grooved pattern (not illustrated). 

15 

The free end of the shaft 2 carries a hub 7 on which one or more storage disks 
(not illustrated) of the hard disk drive are arranged and fixed. 

According to the invention, several piezoelectric actuators (generally indicated by 
20 the number 8) are used as drive elements. In the illustrated embodiment, six 
actuators, 8a. 8b, 8c, 8d, 8e and 8f are provided. However, more than six 
actuators or less than six may be provided. The piezoelectric actuators 8a-8f are 
segmented in form and disposed annularly about the thrust plate 5 in a space 
between the bearing sleeve 1 and the cover plate 6. the bearing gap 4' of the 
25 hydrodynamic bearing filled with the fluid medium 10 continuing between the 
actuators 8 and the thrust plate 5. 

The actuators 8 are designed in such a way that when an electric voltage is 
applied they undergo a radial change in length with respect to the rotational axis 
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1 1 , this means that the distance between the outside and inside diameters of the 
actuators 8 changes. Since at least parts of the outer surfaces of the actuators 8 
preferably butt firmly against the radially inner surface of the bearing sleeve 1, 
the change in length of the actuators 8 acts solely in a radially inwards direction 
in the direction of the gap 4 or the thrust plate 5. 

As schematically shown in figure 2b, a control device 9 is provided that is 
connected to the individual actuators 8a-8f via connecting lines. The piezoelectric 
actuators 8a-8f are driven according to a predetermined scheme or a 
predetermined function by means of the control device 9. Figure 3 shows a 
simple example for the possible waveform over time of the control voltages 
applied to the actuators 8a-8f. The actuators are preferable driven periodically in 
pairs. Here, the actuator pairs 8a+8d, 8b+8e and 8c+8f are each driven 
successively for a third of a period T. 

According to figure 2a, the actuators 8a-8f contract in a radial direction on 
activation, so that the gap 4' adjacent to these actuators widens. This results in a 
vacuum being briefly created in the medium 10 which is compensated by the 
medium flowing in the direction of this section of the gap. As can be seen in 
figure 2b, actuators 8a+8d are now switched off and actuators 8b+8e are 
activated so that the medium is forced to flow anti-clockwise in the direction of 
actuators 8b+8e. Finally, in accordance with figure 2c, actuators 8c+8f are 
activated so that the medium flows in the direction of this section of the gap. The 
cycle repeats itself here with the activation of actuators 8a+8d. 

As a result of the alternating activation of the actuator pairs 8a+8d, 8b+8e and 
8c+8f, pressure differences are generated in the fluid medium 10 which continue 
in the form of a traveling wave, so that the fluid medium 10 in the bearing gap 4' 
is put into a circular flow. The flow energy of the fluid medium in the gap 4' is 
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transmitted to the thrust plate 5 and transformed back into mechanical energy 
which sets the rotor, consisting of thrust plate 5, shaft 2 and hub 7. into rotation. 

In order to achieve improved transmission of the flow energy of the medium 10 to 
5 the thrust plate 5, the thrust plate 5 is preferably provided with rib-shaped 

projections 12 at its outside circumference that are circulated with the medium. 
These projections 12 set up a resistance to the medium and act like the blades of 
a turbine. 

10 According to another embodiment of the invention, for the generation of a 
traveling wave in the stator of the motor, two standing waves are activated 
through an appropriate arrangement and wiring of piezoelectric actuators. A 
piezoceramic ring 13 is illustrated in figure 4 for the purpose of explaining this 
principle. At its circumference, the ring 13 is divided into two activation regions 

15 14, 15, each of which generates a standing wave. Each activation region 14, 15 
contains, for example, eight piezoelectric segmented actuators 16 whose 
alternating polarization is indicated by the different signs or . The formation 
of a pure traveling wave is based on the condition that the phase shifts In space 
and time of tt/2 or T/4 respectively are maintained. The phase difference in 

20 space can be realized by an additional intermiediate segment 17 of length A/4 
between the two activation regions. The ring 13 is driven at the ninth bending 
natural frequency. There are accordingly 9 A at the circumference, which is why a 
second intermediate segment 18 of length 3A/4 is necessary between the two 
activation regions 14, 15. The required phase difference in time of T/4 is 

25 achieved by the different activation of the two activation regions 14, 15. 

If, for example, the first activation region 14 is activated with a signal U = 0 
sin(cA)t), the activation of the second activation region 15 with a signal U = 0 
cos(cot) satisfies the phase condition in time. By swapping the two activation 
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signals, the direction of the traveling wave and thus the direction of rotation of 
the motor can be reversed. The intermediate section 17 of length A/4 can act 
simultaneously as a sensor to control the vibrational state. The other 
intermediate segment 18 of length 3A/4 is not connected. 

The annular piezoceramic arrangement illustrated in figure 4. could be equally 
realized as a cylindrical arrangement, which may be used in a drive unit 
according to figure 5. Figure 5 shows a bearing sleeve 19 forming part of a 
hydrodynamic sliding bearing in which a piezoelectric drive unit can be 
integrated. The bearing sleeve can be used, for example, in exchange for the 
bearing sleeve 1 illustrated in figure 1. 

Analogous to the bearing sleeve illustrated in figure 1, bearing sleeve 19 
comprises a bore to receive a shaft (not illustrated) and a widened bore to 
receive a thrust plate (not illustrated) fixed to the shaft. Analogous to figure 1, 
here again there is a bearing gap filled with a bearing fluid between the surfaces 
of the shaft, thrust plate and bearing sleeve. The boundary of the widened bore 
is formed by a cylindrical collar 20 having a thin wall thickness. This collar 20 
acts as a carrier and a resonance body for a cylindrical piezoceramic ring 21 that 
is fixed at the outside circumference of the collar. The segmentation of the ring 
21 can correspond to figure 4. 

The piezoceramic ring 21 preferably only butts against the side of the bearing 
bush 19 that faces the shaft. When the piezoceramic arrangement is activated in 
a way analogous to the above-described method, a traveling wave is generated 
and transmitted to the collar 20 as an additional resonator. The traveling wave 
puts the bearing fluid located between the outside circumference of the thrust 
plate and the inside circumference of the collar 20 in a directed, circular 
movement. The flow energy of the bearing fluid is transmitted to the thrust plate 
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which is consequently set in rotation and thus drives the shaft in rotation. 

Other possible embodiments of piezoceramic arrangements 22. 23, 24 are shown 
in figures 6a, 6b and 6c. The piezoelectric actuators are thereby always disposed 
on the circumference of an implied resonator 25 (cf. the collar in figure 5). 

The arrangement 22 according to figure 6a comprises 12 piezoelectric 
segmented actuators which are activated alternately in groups of three, in a 
similar way as described in conjunction with figures 2. The arrangement 23 
according to figure 6b comprises 8 piezoelectric actuators 27 which are activated 
alternately in pairs, in a similar way as described in conjunction with figures 2. 

The arrangement 24 according to figure 6c comprises 16 piezoelectric actuators 
27 which are activated alternately in groups of four, in a similar way as described 
in conjunction with figures 2. 
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Identification Reference List 
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27 Actuator, segmented 

28 Actuator, segmented 
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